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Abstract

COVID-19 is a highly contagious respiratory disease caused by the novel coronavirus SARS-CoV-2. 
Since October 2020 the second wave of the pandemic has been observed around the world, as pathogen 
specific herd immunity has not been built yet. Moreover, the current, more contagious pathogen carry-
ing the D614G mutation has become the globally dominant form of SARS-CoV-2.

In this article we present the current state of knowledge on the impact of ACE2 and the reninan-
giotensin system (RAS) and the innate immune system on different outcomes of COVID-19. Especially, 
we point out the dual role of the immune system and ACE2 in pathogenesis of the disease. Namely, at 
the initial stage of the infection anti-viral activity of innate immunity is responsible for inhibition of 
SARS-CoV-2 replication. On the other hand, a dysregulated immune response may cause the detrimental 
hyperinflammation (“cytokine storm”) responsible for the severe course of the disease. Concomitantly, 
we analyse the roles of ACE2 in both facilitation of infection and abrogation of its effects, as the major 
cellular entry receptor for SARS-CoV-2 and an important enzyme responsible for tissue protection, 
respectively. Finally, we discuss the dominant impact of aging on the fatal outcome of COVID-19.

Key words: COVID-19, SARS-CoV-2, cytokine storm, inflammaging, angiotensin, ACE2, immu
nosenescence, interferon.
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Introduction 

The COVID-19 pandemic is a rapidly spreading global 
outbreak of a novel extremely contagious disease caused 
by SARS-CoV-2 virus and is much more serious than sea-
sonal influenza. The coronavirus has affected 218 coun-
tries and territories with the cumulative number of report-
ed COVID-19 cases over 84 million (> 1,800,000 deaths) 
worldwide, up to 31 December 2020. In Poland, the current 
COVID-19 statistics show ~1,300,000 total cases and near-
ly 30,000 deaths with daily new cases around 400 [1, 2]. 
Concurrently, the number of flu cases and fatal outcomes 
(deaths) in 2020 (January/April – the main period of flu 
season in Poland) was the lowest since 2013 and amounted 
to only 61 deaths [1]. Surprisingly, this positive effect may 
be related to the coronavirus pandemic. The restrictions 
resulting from the COVID-19 pandemic and the sanitary 
regime introduced for this reason in March 2020, which 
were supposed to stop the spread of coronavirus, also had 
an impact on the reduction of the flu incidence. Unfortu-
nately, the lowering of restrictions in June-September and 

irresponsible behaviour of not only coronavirus sceptics, 
during holidays and various social events, ended up in No-
vember with an enormous increased number of new daily 
cases. Nonetheless, the return of infected and asymptom-
atic people from holidays to schools and workplaces was 
the primary factor in the spread of the disease during the 
spring and autumn outbreaks of COVID-19. 

The existing pandemic has triggered enormous mobili-
zation of scientists and clinicians to overcome the disease. 
Every month thousands of novel sources of information 
concerning pathogenesis, risk factors and clinical symp-
toms of COVID-19 are published, but the treatment of pa-
tients with the severe form of disease is still not effective 
[3, 4]. Importantly, three major clades of SARS-CoV-2 
characterized by geographic and genomic specificity can 
be identified (clades G, V, S) [5]. In particular, clade G, 
prevalent in Europe, carries a D614G mutation in the spike 
(S) protein, which is responsible for the initial interaction 
of the virus with the host human cell [6]. 

However, it is still unclear whether the distinct case fa-
tality rates (CFR) observed in different countries may be 



Central European Journal of Immunology 2021; 46(1)

Janusz Marcinkiewicz et al.

2

the consequence of differences in virulence of clades [5]. In 
our opinion, the outcome of COVID-19 is primarily age-de-
pendent in patients with a similar initial viral load. Namely, 
in the current year, 23.1% of the total population in Ita-
ly was estimated to be aged 65 years and older, while in 
India the figure is 6.4%. As expected, CFR in Italy (~12%) 
is much higher than that in India (CFR ~2%) [1, 2]. 

The aim of this paper is to discuss the impact of some 
risk factors on the severe outcome of COVID-19, especial-
ly the factors related to elderly people. We would also like 
to point out the beneficial and detrimental role of innate 
immunity in pathogenesis of SARS-CoV-2 infections. We 
should remember that the entire world population has no 
adaptive immunity to this disease. COVID-19 is a com-
pletely novel human viral infection with no cross-reactivity 
with former coronavirus diseases, such as SARS-CoV-1 
and MERS-CoV [4].

Pathogenesis of COVID-19 
SARS-CoV-2 virus is transmitted from human to hu-

man via respiratory droplets. The inhaled virus binds to 
epithelial cells in the upper airway and starts replicating. 
Angiotensin converting enzyme 2 (ACE2) is the main re-
ceptor for the coronavirus spike glycoprotein S [7, 8]. The 
fate of virus and infected cells depends on the activity of 
mechanisms of innate immunity. Therefore, in the absence 
of specific antibodies antiviral defence is related to type I 
interferons (IFNαβ) and NK cells. IFNs are responsible 
for the reduction of virus replication at the site of infection 
and activation of NK cells [9, 10]. Effective innate im-
munity may terminate the course of COVID-19 with full 
recovery of infected persons. On the other hand, SARS-
CoV-2 appears to be adapted to evade the host immune 
response through the suppression of the innate immunity, 
primarily type I IFNs [11]. The following clinical stages 
of COVID-19 have been observed: Stage 1 (asymptomat-
ic) – SARS-CoV-2 replicates locally in infected epithelial 
cells. The patient has no symptoms but is contagious and 
can spread COVID-19; Stage 2 (mild form) – infection 
spreads to the upper airways. The patient starts to feel sick 
with various clinical symptoms. At this stage of the disease 
symptoms are similar to those observed in flu and common 
cold; Stage 3 (severe form) – infection spreads to the deep-
est parts of the lungs, causing severe pneumonia and acute 
respiratory distress syndrome (ARDS) [12]. Histologically, 
the hallmark of the early phase of ARDS is diffuse alveolar 
damage with oedema, haemorrhage and intraalveolar fibrin 
deposition [13]. Viremia seems not to be the key route of 
SARS-CoV-2 spreading; however, viral RNA can also be 
found in peripheral blood and other tissues [14]; Stage 4 – 
systemic multiorgan massive infection including endotheli-
al cells of capillaries as the virus targets and accompanying 
severe inflammation. Mortality in these patients has been 
linked to the presence of excessive and uncontrolled pro-

duction of proinflammatory cytokines (“cytokine storm”) 
that leads to hyperinflammation, aggravation of ARDS, 
activation of the coagulation cascade on the damaged pul-
monary endothelium and acute respiratory failure [15, 16]. 

What worsens the situation and impacts on the clini-
cal outcome is that the SARS-CoV-2 infection and in con-
sequence its replication are not limited to the cells of the 
respiratory system, but may (and does) also involve other 
cells equipped with the anchoring receptor for the viral  
S protein – ACE2 and the modifying transmembrane serine 
protease TMPRSS2, including notably extra-respiratory en-
dothelia, kidneys, liver, heart muscle, neurons and others, 
potentially leading to multiorgan failure, aggravated by the 
cytokine storm itself [8]. Importantly, patients may recover 
after each of the first three stages of COVID-19. Howev-
er, the disease outcome appears to be age dependent, with 
young people having mild symptoms or asymptomatic in-
fection, whereas elderly patients tend to have substantial 
morbidity and mortality [high case fatality rate (CFR)]. 
For example, in Italy, approximately 90% of deaths have 
occurred in COVID-19 patients aged ≥ 65 years. It has 
also been demonstrated that underlying diseases such as 
diabetes, hypertension and obesity increase the risk of se-
vere COVID-19 outcome [17, 18]. Moreover, patients with 
pre-existing lung problems such as chronic obstructive pul-
monary disease (COPD), lung cancer, cystic fibrosis (CF) 
and severe asthma are more likely to develop severe symp-
toms of COVID-19 (Table 1). Surprisingly, the preliminary 
data collected by the European Cystic Fibrosis Society on 
the response of CF patients to COVID-19 suggest that the 
course of the disease may be milder than expected [19, 20].

Most persons with COVID-19 recover and return to 
normal health. Unfortunately, some patients, especial-
ly the elderly with underlying lung diseases and having 
a wide range of initial symptoms, face an increased risk of 
“long COVID”. The symptoms of “long COVID” (fatigue, 
shortness of breath, cough, joint pain, headache, “brain 
fog”) can last for weeks or even months after recovery 
from the acute illness. Apart from the “long COVID” in 
elderly people, another long-term complication of SARS-
CoV-2 infection has recently been identified in children. 
The symptoms of PIMS (PIMS-TS, paediatric inflamma-
tory multisystem syndrome temporally associated with 
COVID-19) include fever, hyperinflammation, features of 
Kawasaki disease, toxic shock syndrome or acute abdom-
inal symptoms mimicking appendicitis [2].

Viral infections and defence mechanisms  
and hyperinflammation/cytokine storm 

During the course of severe COVID-19 two phases of 
the immune response are observed, the antiviral response 
(corresponding to asymptomatic and non-severe symptom-
atic clinical stages 1 and 2) and the inflammatory response 
(corresponding to severe detrimental respiratory inflamma-
tion, clinical stages 3 and 4) [13].
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Viral response phase

The viral response phase, common for various respi-
ratory viruses including SARS-CoV-2, is characterised by 
the type I interferon response. At a site of infection vi-
rus-infected epithelial cells and local plasmocytoid dendrit-
ic cells produce type I interferons (IFN-α, IFN-β) [9, 10]. 
The interferon response induces resistance to viral replica-
tion in neighbouring cells, increases expression of ligands 
for receptors on NK cells and activates NK cells to kill 
virus-infected cells [21]. The early IFN I response may 
cause rapid viral clearance and patient recovery. In con-
trast, the delayed and reduced IFN I response results in 
viral persistence, uncontrolled inflammation and severe 
disease. Therefore, type I IFNs are key molecules of the 
defence against SARS-CoV-2 infection at this stage of the 
COVID-19 pandemic, before achievement of herd immu-
nity. Promisingly, a number of clinical trials on interferon 
therapy (IFNs αβ) in COVID-19 are well underway [2].

Inflammatory response phase 
(hyperinflammation, cytokine storm, ARDS)

A hyperinflammatory immune response may occur 
if a high viral load stimulates the release of generous 
amount of reactive oxygen species (ROS) from infected 
epithelial cells. ROS, in turn, will stimulate the synthesis 
of NLRP3 and nuclear factor (NF-κB), which contribute 
to development of the cytokine storm [22, 23]. In conse-
quence, neutrophils and macrophages abundantly release 
cytokines, such as interleukin (IL)-6, tumor necrosis fac-
tor α (TNF-α), IL-1, monocyte chemoattractant protein-1 
(MCP-1) and IL-10. Among them, IL-6 and IL-10 were 
found to be predictive of COVID-19 severity [24]. Impor-
tantly, it has been demonstrated that IL-6 plays a primary 
role in pathogenesis of the cytokine storm [25]. Namely, 

IL-6, along with other cytokines, drives an acute phase 
response that elevates serum ferritin, complement, C reac-
tive protein (CRP) and pro-coagulant factors. Moreover, 
as high serum levels of cytokines are inversely related to 
the total lymphocyte count, low levels of cytotoxic CD8+ 
T cells may contribute to reduced viral clearance. All these 
events lead to clinically relevant conditions such as ARDS, 
sepsis, respiratory failure and potentially even death [26]. 

SARS-CoV-2 infection – dual role  
of ACE2 

It is widely recognized that the peptides of the re-
nin-angiotensin system (RAS) acting in an endocrine man-
ner play a crucial role in regulation of blood volume, vas-
cular resistance and electrolyte balance. Moreover, tissue 
formation of multiple angiotensins via paracrine and auto-
crine manners plays an important role in local homeosta-
sis of various organs [27]. ACE – the dipeptidyl carboxy-
peptidase widely distributed in tissues – converts Ang I 
into Ang II, which by activation of its AT1 receptors is 
responsible for most pathophysiological effects of RAS. 
ACE2, an ACE homolog, is broadly expressed through-
out the body, reaching high levels in epithelial cells of the 
nasal mucosa, salivary glands, lungs, kidneys and gas-
trointestinal tract as well as cardiomyocytes, adipocytes 
and endothelial cells [28-30]. Thus, the highest ACE2 
expression was reported in the heart, kidneys, small in-
testine, testis, and lungs [31]. Importantly in these tissues, 
ACE2 represents the main functional counterbalance to 
ACE as it (1) directly degrades Ang II and (2) is respon-
sible for formation of angiotensin 1-7 [Ang-(1-7)], which 
by activation of MAS receptors exerts biological activi-
ties opposite to Ang II [27, 28, 32, 33]. In 2003 ACE2 
was found to be the main cellular virus entry receptor for 

Table 1. Major conditions at increased risk of severe COVID-19 illness – in alphabetic order (According to the Centers 
for Disease Control and Prevention – CDC)

High risk factors Potential risk factors

Age > 65 years
Cancer
Chronic kidney disease
Chronic obstructive pulmonary disease (COPD)
Heart conditions, such as heart failure, coronary artery 
disease, or cardiomyopathies
Immunocompromised state (weakened immune system) 
from solid organ transplant
Obesity
Sickle cell disease
Smoking
Type 2 diabetes mellitus

Asthma (moderate-to-severe)
Cerebrovascular disease (affects blood vessels and blood supply to the brain)
Cystic fibrosis
Hypertension or high blood pressure
Hyperlipidaemia
Immunocompromised state from blood or bone marrow transplant, immune 
deficiencies
Liver disease
Neurologic conditions, such as dementia
Overweight
Pregnancy
Sedentary lifestyle
Pulmonary fibrosis (having damaged or scarred lung tissues)
Thalassemia
Type 1 diabetes mellitus
Use of corticosteroids or use of other immune weakening medicines
Vitamin D

3
 insufficiency
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SARS-CoV [34], and recently ACE2 was also established 
as the main receptor for SARS-CoV-2 [35]. The docking 
of the receptor binding domain (RBD) of viral envelope 
spike (S) protein to the peptidase domain of ACE2 rep-
resents the initial step of SARS-CoV and SARS-CoV-2 
entry to the cell [36]. Similar to SARS-CoV, SARS-CoV-2 
utilizes transmembrane serine protease 2 (TMPRSS2), 
which cleaves S protein adsorbed to ACE2 and promotes 
fusion of the viral and cellular membranes. Importantly,  
TMPRSS2 is highly co-expressed with ACE2 in bronchial 
and alveolar epithelium. Although ACE2 is probably the 
most important target for SARS coronaviruses, other mem-
brane-bound proteins have been described as receptors for 
SARS-CoV-2, e.g. CD209L, CD147/besieging, neuropil-
in-1 or DPP4/CD26 [36, 37]. Notably, the initial cleavage 
of the S protein-ACE2 complex triggers further steps of 
ACE2 proteolysis by TMPRSS2 and membrane protease 
ADAM17 (a disintegrin and metalloproteinase domain 17), 
resulting in a loss of ACE2 from the cellular surface by 
shedding [38]. ACE2 is also directly downregulated upon 
stimulation of various cells by pro-inflammatory cytokines 
[39]. It was shown that ACE2 plays an essential role in 
SARS-CoV dissemination. The lung epithelial cells high-
ly expressing ACE2 have been found to be more prone 
to viral infection [40]. Moreover, both viral infection and 
replication as well as acute lung injury are significantly 
reduced in ACE2-knockout mice [41]. Recent data point 
to a correlation between the patterns of the tissue virus rep-
lication and ACE2 expression [42]; thus, the wide tissue 
distribution of ACE2 may well explain the broad tissue 
tropism of the virus. Therefore, it is tempting to specu-
late that upregulation of ACE2 may lead to higher viral 
load and poor prognosis, by facilitation of viral entry, yet 
it should be noted that so far the evidence to support this 
thesis is not sufficient. Interestingly, plasma ACE2 levels 
have been reported to be higher in diabetic, cardiac and 
obese patients [43, 44]. However, the correlation between 
plasma ACE2 and its tissue levels, as well as their rela-
tionships with the poorer outcome of SARS-CoV-2 infec-
tion in these patients, remain unclear. Moreover, no age or 
gender correlations with tissue levels of ACE2 have been 
found, though it is known that the course of COVID-19 is 
generally more severe in aged patients and in men. Sever-
al lines of evidence, coming mainly from animal models, 
suggest that the use of drugs such as angiotensin convert-
ing enzyme inhibitors (ACEI) and/or angiotensin receptor 
blockers (ARB) may be associated with increase of the 
expression of ACE2. However, growing data from ani-
mal studies and clinical trials suggest a beneficial effect 
of these groups of drugs on the course of SARS-CoV-2 
infection [45]. Therefore, it is clear that the role of ACE2 
in the incidence and course of CoV infection should be 
considered in a broader context than that related only to the 
role of ACE2 in viral entry into cells. It is known that the 
ACE2/Ang-(1-7)/MAS receptor axis provides the endog-

enous counter-balance against ACE/Ang II/AT1 receptor 
axis overactivation. It prevents the deleterious effects of 
Ang II at the level of cells (attenuation of reactive oxygen 
species-related cell death, endothelial protection), tissues 
(prevention of pathological angiogenesis and fibrosis) 
and organs (lung kidney and gastrointestinal tract pro-
tection, inhibition of thrombosis). This action occurs via 
two modes (1) ACE2-dependent degradation of Ang II 
and (2) formation of “beneficial” Ang-(1-7). It has been 
demonstrated in various models that Ang II exerts multi-
ple proinflammatory actions by direct activation of mac-
rophages to cytokine production and shifting their pheno-
type toward M1 characteristics [46, 47]. Moreover, Ang II 
strongly activates endothelium, decreases endothelial pro-
duction of nitric oxide and hence aggravates neutrophil 
and monocytes infiltration of affected tissue, increasing 
the risk of intravascular thrombosis [48]. Considering the 
downregulation of ACE2 during infection (see above), the 
prevalence of the Ang II axis over Ang-(1-7) seems to be 
one of the important factors leading to tissue injury. There 
are preliminary data indicating that in COVID-19 patients 
elevated levels of plasma Ang II correlate with the degree 
of lung injury [49]. Moreover, restoration of proper Ang II/
Ang-(1-7) balance by administration of recombinant ACE2 
significantly reverses lung injury in avian influenza lung 
injury [50], as well as reducing Ang II levels in patients 
with lung injury caused by RS virus infection [51]. 

Regarding popular drugs affecting RAS, we know so 
far that ACEI and ARB present no harm in patients with 
SARS-CoV-2 infection; however, there are no convincing 
data indicating whether and in which patients these drugs, 
presumably increasing ACE2 expression, may bring ben-
efits in COVID-19 [52]. The efficacy of the new strategy 
– use of recombinant ACE2 in COVID-19 patients – still 
remains to be established [53]. Nonetheless, it is tempting 
to speculate that maintaining the balance between the two 
branches of RAS – ACE/Ang II/AT1 receptor and ACE2/
Ang-(1-7)/MAS receptor – in terms of supporting the latter 
may be critical for lung protection and better prognosis in 
patients with SARS-CoV-2 infection. It seems, however, 
that our approach to the role of ACE2 should be age- and 
gender-sensitive. SARS-CoV-2 spreads equally among 
young and elderly persons as well as males and females 
(which may be in keeping with the lack of significant dif-
ferences in lung ACE2 expression between these groups), 
but the mortality risk seems to be higher for males vs. fe-
males and elderly vs. young patients [54]. Interestingly, the 
latter could be partially explained by age- and gender-de-
pendent relationships of lung ACE/ACE2 balance and the 
immune system in the lungs. A recent study performed on 
healthy subjects showed the negative correlation of lung 
ACE2 levels and pulmonary immune signatures (CD8+ 
cells, NK cells and markers of interferon response) in fe-
males and younger persons; in the same study, lung ACE2 
levels positively correlated with the pulmonary immune 
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signature in males and elderly subjects [31, 55]. It may 
suggest that in males and elderly patients with SARS-
CoV-2 infection high ACE2 levels can surprisingly pro-
mote an inflammatory response and lung damage. This 
interesting hypothesis requires, however, clinical confir-
mation. ACE2 thus appears to play a doubly complex role 
in SARS infection: by facilitating the spread of the virus 
(as a cellular receptor for SARS-CoV-2), and as an im-
portant factor limiting tissue damage. The latter action of 
ACE2 seems to be especially important in female patients 
and patients at a younger age.

Anti-viral immunity and aging. 
Immunosenescence and inflammaging 

Aging is associated with profound modifications and 
composition of the immune system, leading to known 
symptoms of its dysfunction in elderly people, includ-
ing: increasing incidence and severity of infectious (both 
bacterial, and notably viral) diseases and malignancies, 
autoimmune symptoms, and, generally, lowered respons-
es to vaccines [56-58]. The reasons for these deleterious 
changes are numerous. They start with the age-associated 
reduction of output of naïve T cells from the involuting 
thymus. This reduction is observable already between the 
age of 0 and 20 years; there may be a reduction by an 
order of magnitude between the age of 20 and 50 years, 
and another order of magnitude between the age 50 and 
70 years (making the naïve T cell output in those 70 years 
and older 100 times lower than in young adults) [59, 60]. 
This greatly reduces the chances for new variants of the 
T cell receptors (TCRs) capable of recognizing new epi-
topes in the elderly, lowering their chances for building 
a strong adaptive response to new pathogens, e.g. new 
variants of influenza virus and SARS-CoV-2. Although 
there exists homeostatic naïve T cell proliferation in the 
periphery, it never replaces the missing thymic output in 
full and likely it is limited to certain variants of T cell re-
ceptors [61]. On the other hand, lifelong re-infections with 
cognate pathogens, as well as unavoidable development 
of neoplastic (non-malignant and malignant) cells and 
challenge with neoantigens, lead to stimulation of those 
T cells that have become the clones of memory cells upon 
the first contact with the antigens. Although they can ac-
tively fight cognate pathogens, with time their capacity to 
do so becomes exhausted, further decreasing the chances 
for a successful and speedy recovery. These exhausted 
memory cells do not proliferate vigorously in the response 
to cognate antigens; this leads to shrinkage or collapse of 
the TCR repertoire diversity in aged individuals, which 
essentially precludes their responses to certain pathogens 
[62]. This phenomenon may also stand behind the reduced 
responses of elderly people to vaccination, as many of 
them do not built protective titres of relevant antibodies. 
This should be brought to the attention of groups trying 

to develop anti-SARS-CoV-2 vaccines; vaccines destined 
for older individuals (who may need them more than other 
age groups) should be formulated differently from those 
targeting young(er) people in order to ascertain anti-vac-
cine responses that would be protective against a virulent 
virus. The anti-shingle vaccine Shingrix and some vaccines 
against pneumococcal infections which cause the build-
up of protective antibody titres in the elderly not differing 
from that seen in young vaccinated individuals confirm 
that there is such a possibility. Notably, these vaccines’ de-
sign contains both increased dosages of pathogen-derived 
antigens and the specially designed adjuvants that elicit 
a stronger response from innate immunity, necessary to 
initiate and maintain robust adaptive responses.

Exhausted immune cells are weaker responders to anti
genic stimulation, which itself may hamper the immune 
response to SARS-CoV-2 by the aging immune systems. 
However, the next stage in adaptive immunity deteriora-
tion is its senescence, called immunosenescence. Immu-
nosenescence can be envisaged as the state in which the 
adaptive immune cells progressively lose their functional 
capacities. This is the stage in which more and more T, NK 
and then also B cells acquire the phenotype of senescent 
cells, becoming ineffective as immune helpers (CD4+), cy-
totoxic cells (CD8+ and NK) or antibody sources (B cells) 
respectively [63]. Obviously, accumulation of such inef-
ficient lymphocytes results in defective responses to viral 
and other infections, and to transformed cells [64, 65]. The 
molecular background of immunosenescence is first of all 
deterioration and damage of intracellular signalling (signal 
transduction) in these immunosenescent cells [66-68].

The senescent cellular phenotype involves enlarged 
volume, increased activity of an enzyme called the senes-
cence-associated β galactosidase (SA-β-Gal), and short 
telomeres, and functionally halted proliferation (hence no 
effector cells) and the senescence-associated secretory phe-
notype (SASP). SASP converts senescent cells throughout 
the body (not only those of hematopoietic origin) to effi-
cient producers of proinflammatory cytokines, which are 
normally manufactured by the immune cells only. Thus, 
age(ing)-dependent accumulation of senescent cells will 
increase the inflammatory readiness in the aging organism, 
even without direct stimulation of the inflammatory process 
by e.g. pathogenic microorganisms, cancer cells or dam-
aged cells of the individual. This brings us to another side 
of the “coin” of changes of the immune system associated 
with aging – inflammaging. Inflammaging (the term was 
coined by Claudio Franceschi in the last year of the twen-
tieth century) can in the simplest way be defined just as an 
asymptomatic (or paucisymptomatic) increase in concen-
tration of multiple proinflammatory cytokines (TNF, IL-1, 
IL-6 etc.). Apparently the source of it may be the chal-
lenged cells of the innate immunity as well as the senescent 
cells with mentioned SASP phenotype [69, 70]. Unlike at 
the beginning, when the term started to make its impact on 
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our understanding of aging of the immune system and its 
consequences for human health, inflammaging is now con-
sidered not only a deleterious phenomenon leading to (or 
facilitating) the chronic inflammatory diseases associated 
with aging, but as a form of overall adaptation of the aging 
immune system to the decreased functionality of its adap-
tive part (immunosenescence). Build-up of more vigorous 
inflammatory response by the innate cells of the elderly 
may be pro-survival on contact with pathogenic microor-
ganisms and, to some extent, also to its own transformed 
cells, by facilitating their neutralization and elimination 
while the adaptive immunity is dwindling [70, 71]. Thus, 
there is a question to what extent we should intervene to 
“normalize” immunosenescence and inflammaging. Yes, 
we should intervene carefully [72], as both inflammaging 
and immunosenescence are in part not a process of deterio-
ration, but of adaptation [73] to the age-associated changes 
occurring not only in the immune system itself, but also in 
the other parts of the aging organism as well. 

How does all the above translate to the relation be-
tween COVID-19 severity and deadliness and aging? 
We could say that immunosenescence impairs adaptive 
responses to SARS-CoV-2, which would lead to the de-
creased production of both protective antibodies and 
cytotoxic CD8+ cells specific for SARS-CoV-2-infect-
ed cells. On the other hand, inflammaging, being con-
ductive to increased inflammatory readiness even in the 
relatively healthy elderly, and clearly participating in the 
development of chronic inflammatory diseases associat-
ed with aging, may participate in the build-up of strong 
innate immune responses, possibly facilitating and ampli-
fying the hyperinflammation [74, 75]. Thus, old victims 
of COVID-19 present not only with a decreased adaptive 
response, but also with one or more chronic inflammatory 
comorbidities, which aggravate the course of their disease 
and increase the risk of fatal outcomes. Interestingly, ex-
tremely old persons (centenarians), who are by no means 
free from chronic inflammatory diseases and cancer, tend 
to have vigorous inflammatory responses which manifest 
not only as high proinflammatory cytokine levels, but also 
high CRP values. Again, their relatively good health and 
likely, in fact sometimes observed, good survival rate after 
SARS-CoV-2 infection, seems to be in part the ability to 
fight the virus itself, but in part also the ability to maintain 
the balance between pro- and anti-inflammatory mediators, 
which is typical for these oldest individuals [73, 76], the 
bearers of a “beneficial genome”. 

Finally, SARS-CoV-2 infection, as well as infections 
by the other corona- and dengue viruses, may undergo 
a phenomenon called antibody enhancement (ADE). In 
ADE, virus-specific, but non-neutralising antibodies are 
able to facilitate the enhancement of SARS-CoV-2 entry 
into target cells via the FcγRII receptor and exacerbate the 
course of COVID-19 [77, 78]. It is currently unknown to 
what extent ADE may affect the course of COVID-19 in 

elderly versus young individuals. Certainly further studies 
of this topic are necessary.

COVID-19: immunoprotection  
and immunotherapy 

Herd immunity needs to be built to overcome any pan-
demic and to stop virus transmission. It is achieved when 
one infected person in a population generates less than 
one secondary case in the absence of interventions, which 
corresponds to the effective reproduction number R

e
. For 

SARS-CoV-2, most estimates of R
e
 are in the range 2.5-4. 

Therefore, the herd immunity threshold for SARS-CoV-2 
is expected to require 70% population immunity [79]. Such 
SARS-CoV-2 specific herd immunity may be achieved 
either through vaccination or infection with a wild virus. 
With a vaccine that could protect humans against all clades 
of SARS-CoV-2, it would be possible to enact a mass 
worldwide vaccination and end the COVID-19 pandemic. 
Vaccines generally require years of research and testing 
before reaching the clinic. However, today, due to enor-
mous mobilization of a great number of scientists, we al-
ready have two validated mRNA SARS-CoV-2 vaccines, 
both safe and very effective [2]. However, the vaccination 
of millions of adults is needed to achieve herd immunity 
against COVID-19 in Poland and it will take approximate-
ly one year.

In the meantime, passive immunization using high 
doses of intravenous immunoglobulins (IVIG) is being 
tested to treat severe and critically ill COVID-19 patients. 
IVIG, as a blood product containing a mixture of poly-
clonal immunoglobulin G (IgG) antibodies, probably 
suppresses inflammatory reactions by a multifactorial 
mechanism [80]. On the other hand, for SARS-CoV-2-
specific immunotherapy, antibodies from convalescent 
plasma of COVID-19 individuals are purified to prepare 
the IVIG formulation. This therapy might be effective to 
treat viral pneumonia as plasma IgGs are able to reach the 
alveoli through transudation. On the other hand, move-
ment of plasma-derived immunoglobulins into the upper 
airways has not been described [81]. We hypothesize that 
protection of these areas of the respiratory tract during 
early stages of COVID-19 might be achieved by direct 
application of immunoglobulins via inhalation. The best 
candidates for such application seem to be nanobodies that 
bind to the proteins in the SARS-CoV-2 virus. Nanobod-
ies (Nbs) are naturally occurring single-domain heavy-
chain antibodies (without light chain fragments) present 
in blood of camelids and sharks. They have unique bio-
physical properties, including small size, that allow in-
haled administration of Nbs to prevent adherence of the 
virus to respiratory epithelial cells [81]. Recently, two 
high-affinity nanobodies to the spike protein of SARS-
CoV-2 that block attachment of the spike to ACE2 have 
been identified and characterised [82]. However, further 
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clinical studies are necessary to confirm the therapeutic 
effectiveness of both plasma-derived immunoglobulins 
and nanobodies in COVID-19.

Conclusions

Much remains unknown regarding the epidemiology, 
pathogenesis, clinical spectrum, and long-term outcomes 
of COVID-19, “long COVID”.

ACE2 appears to play a doubly complex role in SARS 
infection: by facilitating the spread of the virus (as a cellu-
lar receptor for SARS-CoV-2), and as an important factor 
limiting tissue damage with the strongest effect mainly in 
female patients and younger patients.

Aging is a major risk factors of the severe COVID-19 
outcome. Nevertheless, some underlying diseases (espe-
cially chronic inflammatory diseases associated with ag-
ing) are high risk factors for such an outcome. Their co-ex-
istence with COVID-19 may also put younger individuals 
at higher risk of an unfavourable outcome of the disease.

In the absence of adaptive immunity, the native im-
mune system plays a primary, but a dual role in the host 
defence against SARS-CoV-2. The beneficial role: IFN 
type I reduces virus replication at the early stages of infec-
tion. The detrimental role: In severe forms of the disease, 
IL-6, another cytokine of innate immunity, is a key factor 
and a driver of the “cytokine storm”. 

D-dimer rises early, which indicates that coagulopathy 
acts as a prodrome of the cytokine storm.

The innate immune system is the major, albeit not the 
only player in inflammaging: the state of proinflammatory 
readiness, which leads to chronic inflammatory diseases 
typical for old age and results in the severe outcome of 
COVID-19.

In patients with mild COVID-19, a rapid decline of 
specific IgM and IgG titres within 2-4 months has been 
observed, suggesting that SARS-CoV-2-induced humor-
al immunity might not be long-lasting in individuals with 
mild disease.

Importantly, mucosal IgA contributes to early virus 
neutralization to a greater extent than IgG.

Presently, there is a  real hope to overcome the 
COVID-19 pandemic as the global vaccination has already 
been launched. However, to achieve herd immunity to 
SARS-CoV-2 we need to vaccinate a vast majority of adults.

Let us hope that this is the last coronavirus outbreak 
during which all we have to offer is isolation, quarantine 
and a sanitary regime, instead of a vaccine and treatment.
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